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StratificationincreasesgerminationofOcalasandpineseed
in dry soil
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Summary

Stratifying, i.e., soakingfollowed by chilling, Ocalasandpineseedbefore sowingsignificantly increased
both speedand completenessof laboratorygermination,with anaeratedsoakthemost beneficial.Even
at3% sandmoisturecontent,40%of seedgivenanaeratedsoakfollowed by moistchilling treatmenthad
germinatedafter eight days.Neithersoakingalonenor seedcoatremoval increasedgerminationrates,
while presoakedandchilled seedretainedtheability to germinatein dry sandevenafter redrying. In the
field portion of thestudyfive weeksafterseedweresown 1.2 cm deep,germinationwas29%and5% for
the soakedandcontrol seed,respectively.Although Ocalasandpineseedis classedasnon-dormant,it
wouldbenefitfroma presowingstratificationbecauseit increasesgerminationin dry soils.

Introduction

Ocalasandpine (Pinus clausavar, clausa D. B. Ward) is native to the infertile and
droughtymarinedepositedsandhillsof centralFlorida(U.S.A.). Precipitationacross
the areais abundant,1320 mm peryear, with morethan half occurring from June
to September(BurnsandHebb, 1972).Becauseof the low moistureholdingcapacity
of thesoil,droughtconditionscandevelopwithin two weeksof aheavyrainfall. Artifi-
cial regenerationis accomplishedby directseedingfrom Novemberto February,when
temperaturesandsoilmoisturearemostfavorable.But evenduring thisperiod,stress-
ful dry conditionsoften occur,delaying germinationof non-dormantseed(Barnett,
1973)andincreasingpredationlosses— themajorobstacleto successfulestablishment
of treespeciesby directseeding(Abbott, 1974;Cooper,SchopmeyerandMcGregor,
1959;DerrandMann,1971;Williston andBalmer,1977).

Priming, theosmoticconditioningof seed(Heydecker,Higgins andGulliver, 1973),
hasbeenshownto improvebothrateandcompletenessof germinationin a number
of agriculturalspecies(Bradford,1986).Osmoticconditioningwith polyethylenegly-
col givesthe samebenefitswhenappliedto seedof slashpine(Pinuselliottii Engelm.)
(Haridi, 1985). There also is evidencethat presowingtreatmentssuch as priming
increasethe ability of seedto germinateunderstressful environmentalconditions
(Bradford, 1986;Tanaka,Kleyn andHarper, 1986).The objectiveof this studywas
todetermineifapresowingtreatmentof Ocalasandpineseed~wouidspeedgermination
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understressfulconditions,and if it would increasethe numberof seedlingsunder
field conditions.

Materials and Methods

All seedusedin the studywere from four seedlotsusedfor regenerationon theOcala
NationalForest,Florida,during the 1986season.Seedwereoriginally obtainedfrom
collectionsof newconesfromthefall 1985timbersaleareasscatteredabouttheforest.
After collection,coneswereshippedto the USDA ForestService’sAshe nurseryin
Mississippi wherethey wereopenedby dipping for S to 10 secondsin boiling water
followed by kiln drying at 450C for 24 to 48 hours.After seedwereextractedfrom
openconesby shaking,they weredewinged,cleaned,andshippedbackto the Ocala
NationalForestwheretheywerekeptincold storageuntil usedin thisstudycommenc-
ing duringthefall, 1987.

A randomizedblock, split plot designwasusedfor thefirst phaseof thelaboratory,
as well as the field, portion of this study. In the laboratory,sandmoisturecontent
wasthemainplot, andpresowingseedtreatmentwasthesubplotvariable.Treatment
oneconsistedof soakingseedin distilled water for 24 hourswith constantlight at
250C, draining excesswater,andmoist chilling for 28 days in sealedcontainersat
4 0C, followed by surfacedrying. Equalvolumesof waterandseed,whereseedvolume
includedtheseedandtheair spacebetweenseed,wasusedfor thesoaking.Thesecond
treatmentwasthesameexceptthatsoakingwaterwasaeratedby bubblingcompressed
air into the bottom of thecontainerat a rateof 6 liters perminutefor eachliter of
water,causingthewaterto mix in amannercomparableto waterat a moderateboil.
For the third (control) treatment,seedwerekept dry, butwere exposedto the same
light andtemperatureregimesas for treatmentsoneandtwo. Seedusedfor all treat-
mentswerefrom a mixtureof thefour seedlots.

At theendof thetreatmentperiodmeasuredamountsof distilled waterwereadded
to 200 g of sand,which had beenoven-dried(1050C) andthencooled,to give sand
moisturelevelsof 3, 5 and7% on a dry weight basis.This is equivalentto moisture
potentialsof 90,60 and40-kParespectively,asdeterminedpreviouslyusingresistance
blocks.After thoroughmixing, sandwas lightly packedin plastic germinationboxes
anda smallplastic markerwasplacedacrossthe centerof eachbox. Seed,50 control
on one side and 50 presoakedon the other in five rows of 10 each,weresown in
eachbox by placingthemwith tweezersinto holesmadewith apencilpointto adepth
of 0.6 cm. After sowing,seedwerecoveredby lightly brushingsandinto the holes
with the tweezers.Whensowingwascompleted,lids wereplacedon the boxeswhich
werestoredin agerminationroomat 250Cwith constantlight.

A randomizedblock designwith threeblocks,fourtreatments,andthefour seedlots
wasusedin the secondphaseof thelaboratoryportionof thestudy.Thecontrol and
24-houraeratedsoak followed by moist chilling (describedabove)were two of the
treatmentsemployed.A third treatmentwasa 24-houraeratedsoakfollowed by sur-
face drying, andtreatmentfour was as three,but with the seedcoatremovedafter

512



STRATIFICATION FOR SAND PINE SEED

soaking andsurfacedrying. Treatmentswereapplied so all seedwere ready to sow
at the sametime. After treatment,seedwereplacedon germinationpaperin plastic
germinationboxes,wet with distilledwater,andplacedin thegerminationroom.

In thethirdphaseof thelaboratoryportionof the study,seedfrom thefourseedlots
weregiven the24-houraeratedsoaktreatmentfollowedby 28 daysof moistchilling.
Following surfacedrying at 28 days,threereplicationsof 150 seedfrom eachseedlot
wereplacedin plastic boxesin sandat 2% moisturecontent.Boxes were storedin
the germinationroom at 250C with constantlight. On days0, 1, 5, 8, 14 and 21,
ten seedwere removedfrom eachbox andweighed.After ovendrying for 24 hours
at 1030C, seedsampleswerecooledin a dessicatorandreweighed.At the endof 21
daysthe sandwasscreenedandtheremainingseedrecovered.Fifty of theserecovered
seedfrom eachbox werethen sown,along with 50 untreatedcontrol seedfrom the
samelot, in sandat 3% moisturecontentusinga randomizedblock splitplot design.

In thefield portionof the study,plantingdepth(0.6 or 1.2cm)wasthe maineffect
andpresoakingseedtreatmentwasthesubploteffect.Seedtreatmenttwo, theaerated
soakfollowed bymoistchilling, andthree,the control,asexplainedin thefirst phase
of thelaboratorystudy,werecompared.Threesiteswereselectedat randomfor seed-
tng in November1988 from siteson the LakeGeorgedistrict of the OcalaNational
Forest,whichhadbeenscarifiedthreeweeksearlierusingtheBracke®scarifier-seeder
(Damme, 1988).Threeseedingareas,eachin thecenterof a Brackespot,wereran-
domly selectedon eachsite. At eachplantingsite 100 holesweremadeby pressing
4mmdiameterhollow tubes,attachedto a 30 x 30cmboardin a10 x 10 configura-
tion andprotrudingthe two desireddepths,into baremineralsoil. Controlseedwere
placedwith tweezersinto 50holes,25 at eachof thetwo depThs,andaerated,presoaked
seedwereplacedin the other50 holes,andall werecoveredwith soil.

Numberof normalgerminants(ISTA, 1985) wasrecordeddaily for 28 daysin the
laboratoryportionof thestudyandusedto calculategerminationcapacity,germina-
tion rate(Edwardsand EI-Kassaby,1988),andgerminationvalue(Czabator,1962).
Germinationcapacityis the percentageof seedwhich germinatedbeforethe study’s
end; germinationratethenumberof daysto reach50%germination;andgermination
valuespecifiesthemeandaily germinationmultiplied by thepeakdaily valueofgermi-
nation. Germinationcapacityafter five weekswas usedto evaluatethe field phase
of the study.Following arc-sintransformation,resultswere analyzedby analysisof
variance.The LeastSignificantDifferencemethod wasusedto comparetreatment
means.

Results

During the first phaseof thelaboratorystudy,presowingseedtreatmentsmorethan
tripled total germination(table1). Germinationratewasalso fasterfor treatedseed,
with noneof the control treatmentsreaching50% germination,evenafter28 days.
Aeration during the soakingpart of the presowingtreatmentsignificantly benefited
seedby increasingbothcompletenessandspeedof germination.
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Table 1. Total germination,G 50 (days to 50% germination),and germinationvalue(Czabator,1962)of
Ocalasandpineseedafterdifferentpresowingtreatments.

Seed Germination G50 Germination
treatment (percent) (days) value

Control 15a* ND** 0.2a
Nonaeratedsoakand28 daymoistchilling 55 b 16 b 3.5 b
Aeratedsoakand28 daymoistchilling 72 c 10 a 7.4 c

* Within eachcolumn, meansfollowed by thesameletterarenot significantly differentat the0~05leveL

Meansareaveragesofninenumbersfromthreesandmoisturelevelsfor eachofthreeblocks.
** Controlsdid not reach50%germination.

At all sandmoisturelevels,theaeratedsoaktreatmenthadthequickestandhighest
total germination,while the control treatmentalwaysperformedthe poorest(figure
1). Therewasno differencein germinationat 5 and7% sandmoisturecontent.At
amoisturecontentof 3%,however,germinationwasreducedfor all treatments,espe-
cially in thecontrol.

Therewereno significant differencesbetweenseedlotsin speedor completenessof
germinationin the secondor third phasesof the laboratory study. Removalof the
seedcoatprior to sowingreducedtotal germination(table 2). Moist chilling for 28
days following the aeratedsoaksignificantly increasedthe germinationrate, while
anaeratedsoakaloneor soakingandseedcoatremovalhadno effecton germination
rate.

After anaeratedsoakand28 daysof chilling, seedin thethirdphaseof thelaborato-
ry studyhad anaveragemoisturecontentof 27% on a dry weight basis.Therewas
no changein seedmoistureduring the first day theseseedwereplacedin sandwith
2% moisturecontent(sandmoisturepotential 200-kPa).After five daysin the dry
sand,seedmoisturelevels hadfallen to 19%; by day eightmoisturelevels hadfallen
to 10%;andafter 14 daysseedhadstabilizedat 8% moisture.Germinationwas39%

Table2. Effectofpresowingseedtreatmentson total germinationandG50(daysto reach50% germination)
of Ocalasandpineseed.

Seed Germination G50
treatment (percent) (days)

Control 63 b* 11 a
Aeratedsoak 80a 11 a
Aeratedsoakandseedcoatremoved 40c 12 a
Aeratedsoakand28 daychilling 74 ab 6 b

* Within eachcolumn,meansfollowed by thesameletter arenot significantly differentat the0.05level.

Meansareaverageof 12 numbers,i.e.,four seedlotsin eachof threereplications.
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Figure 1. Effects of sandmoisture contenton the germinationof Ocalasandpine seedgiven different
presowingtreatments.

when seedwith this 8% moisturewasthen sown in sandwith 3% moisture.None
of thecontrolseedgerminatedaftersowinginsandwith moisturecontentof 3%.

In the field portionof thestudy,depthof sowing,seedtreatment,andtheir interac-
tion all significantly affectedgerminationafter five weeks(table3). Seedsown 1.2
cm deepgerminatedbetterthan that sown 0.6 cm. Presowingtreatmentof seedby
anaeratedsoakfollowed by chilling alsoincreasedgermination.Thegreatestaverage

Table 3. Effect of planting depthandpresowingtreatmenton thegerminationof Ocalasandpine seed
afterfive weeksin thefield.

Plantingdepth
(cm)

Germination%

control aeratedsoakandmoistchilled

0.6 Oa* 3ab
1.2 Sb 29c

* Meansfollowed by the sameletter arenot significantly different at the 0.05 level. Meansareaverage

of 12 numbers,i.e., four seedlotsin eachof threereplications.
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germinationoccurredwhentheaeratedsoaktreatmentfollowedby chilling wascom-
bined with deepersowing,with an increaseof about six timesovereithertreatment
usedalone.

Discussion

The 24-hourwater soak followed by 21 to 28 days of moist chilling is a common
systemof stratificationfor southernpineseed.It hasalso beenusedextensivelyto
breakdormancyofwesternconiferseed,whereit hasbeenreferredtoassnakedstratifi-
cation’ (Tanaka,1984). It hasnot beenusedroutinely on Ocala sandpine seedas
this seedis classedasnon-dormantsinceit will germinaterelativelyquickly andcom-
pletely underfavorableconditions.Dormancy,however,is a relativeterm,sincethe
seedis in a restingstatewheregerminationcannotoccur until certainphysiological
processeshavetakenplace.Alvarado andBradford, (1988)andSavino,Haigh and
DeLeo, (1979) havesuggestedthat the activation of physiologicalprocessesduring
presowingseedtreatmentsare the causeof an increasedgerminationrate, and this
appearsto bethecasefor Ocalasandpine.Thelack of a responseto soakingwithout
moistchilling in thesecondphaseof the laboratorystudyindicatesthat theincreased
rateof germinationwasnotdueto the removalof someinhibitory substance.Barnett,
(1970)alsofoundno evidenceof anygerminationinhibitors in Ocalasand-pineseed.

For the sandusedin the laboratoryportion of the study,permanentwilting point
and field capacityequateto about 1/2% and 15% moisture,respectively.No water
was addedto the germinationboxesduring the 28 daysof the study,andmoisture
lossdid occurbecausethe lids did not sealcompletely.Evenat a beginningmoisture
contentof only 3%, the seedgiven the aeratedpresoakfollowed by moist chilling
treatmentreached40% germinationafter justeight days,while germinationwasonly
3% for the controlseed.The ability to germinatein relativelydry conditionswasnot
due to moisturestoredin the seed,sincetreatedseedretainedthis ability in the third
phaseof the laboratorytestevenafter they hadredriedto amoisturecontentbelow
the 10%level ofcontrolseed.Bradford,(1986)indicatesthereisanosmoticadjustment
during this typeof presowingtreatmentthat resultsfrom the accumulationof sohites-
which lowerseedwaterpotential.Thisprobablyexplainsthegreatergerminationrate
andcapacityfor thepresoakedseedunderdryconditions.Thus,theincreasedgermina-
tion ratein moistanddry sandseemsdueto metabolicprocesseswhich occurduring
the presoakingandmoist chilling treatment.Traditionally, theseprocesseshavenot
beenassociatedwith dormancyin Ocala sandpine seed,but this view may needto
be revised.It is clearthat evenseedconsideredto be non-dormantcanbenefitfrom
stratificationsincethe ability of seedto germinateunderstressfulconditionscanbe
improved.

The aeratedwatersoakfollowed by chilling alsoincreasedgerminationin the field
part of the study.The gain was of little practicalsignificancehowever,unlessseed
were sown 1.2 cm deep.This could partly be dueto greaterseedpredation— since
predatorsshould be moresuccessfulat finding seedwhich are locatedcloserto the

516



STRATIFICATION FOR SAND PINE SEED

surface.Thehighermoisturecontentdeeperin the soil is more likely responsiblefor
the differencehowever,sincetheupper0.6cm of soil driesrapidly from evaporation,
while beyondthis point soil moistureseldomfalls below the wilting point unlessit
is beingdisplacedbyplant roots(BurnsandHebb,1972).

The results of this studyshow that whenseedare given an aeratedsoak andare
sown at theproperdepth,evenduring dry periods,mostareasshouldbe successfully
regenerated.
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